We have reported the usefulness of a polyurethane foam packed-bed culture system of hepatocyte spheroids as a hybrid artificial liver support system (PUF-HALSS). The aim of this study was to evaluate in detail the efficacy in serum parameters regarding the liver function of a larger version of the PUF-HALSS containing 2 × 10 10 porcine hepatocytes for clinical use in warm ischemic liver failure pigs. Warm ischemic liver failure pigs weighing 25 kg were divided into two groups: (1) a control group (n = 3), in which each pig was attached to a PUF-HALSS without hepatocytes, and (2) a HALSS group (n = 3), in which each pig was attached to a PUF-HALSS. In the HALSS group, the increase of blood ammonia was completely suppressed and blood lactate levels were significantly suppressed. The Fisher's ratio was better maintained, and the increase of total bile acid, glycochenodeoxycholic acid, and taurochenodeoxycholic acid was significantly suppressed in the HALSS group. Serum creatinine levels were significantly lower, and blood glucose levels were significantly higher in the HALSS group. Serum levels of tumor necrosis factor-α were not elevated in either group. In conclusion, the larger version of the PUF-HALSS demonstrated many advantages as a liver support system in warm ischemic liver failure pigs.
INTRODUCTION
patocyte spheroids in PUF pores, about 100-150 µm in diameter, maintain higher liver-specific functions, such as albumin synthesis and ammonia detoxification, than Even though fulminant hepatic failure (FHF) accounts for approximately 7-12% of the indications for liver trans-those of monolayer cultured hepatocytes (11, 14, 15) . Furthermore, we showed that a multicapillary polyure-plantation in the Western world (1, 5) , many patients with FHF can never receive a transplant (4,10) because thane foam packed-bed culture system of hepatocyte spheroids, used as a hybrid artificial liver support system of extrahepatic complications (mainly severe cerebral edema). FHF patients might benefit from temporary liver (PUF-HALSS), was effective for FHF management in animal experiments (9, 12, 13) . support techniques, and such a system might also allow the native liver to regenerate, thus avoiding the need As reported previously, we estimated from the above animal study that the minimum number of porcine hepa-for liver transplantation. Currently, hybrid artificial liver support systems have undergone clinical trials as de-tocytes essential for our PUF-HALSS in the treatment of a human with FHF (70 kg) would be 2 × 10 10 (18) . scribed by Demetriou (24) and Gerlach (7) .
We originally developed a polyurethane foam culture Therefore, we established a larger version of the module containing 1 × 10 10 porcine hepatocytes (6) , and we dis-system of rat, dog, and porcine hepatocyte spheroids (15, 17) . PUF has a sponge-like macroporous structure in which cussed the potential advantages of PUF-HALSS containing two large modules (2 × 10 10 porcine hepatocytes) (19) . each pore is about 250 µm in diameter and is composed of smooth thin films and thick skeletons (15) . These he-
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larger version of the PUF-HALSS for clinical use in de-blood pressure and in the femoral and jugular veins for the extracorporeal circulation. tail, including amino acid and bile acid metabolism in a warm ischemic liver failure pig model.
Experimental Design MATERIALS AND METHODS
The pigs were divided into two groups: (1) a control Preparation of Porcine Hepatocytes group (n = 3), with each pig attached to a PUF-HALSS without hepatocytes, and (2) a HALSS group (n = 3), Hepatocytes were isolated from domestic pigs (female, with each pig attached to the PUF-HALSS with 2 × 10 10 weighing about 10 kg) by the liver perfusion methods hepatocytes. Only 0.9% NaCl solution was transfused at described by Seglen (23) and Gerlach (8) Ltd., Tokyo, Japan). goya Japan). We developed a large cylindrical type mod-
The fractions of plasma amino acid levels and plasma ule with MC-PUF packed-bed containing 1.0 × 10 10 bile acid levels were measured by a high performance hepatocytes (6) . The MC-PUF module with inoculated liquid chromatography system (HPLC; JASCO Corpohepatocytes was cultured for about 24 h with William's ration, Tokyo, Japan). Enzyme-linked immunosorbent E medium containing 10% FBS. Our extracorporeal cirassays were performed to determine serum levels of culation system for clinical use has been described in swine tumor necrosis factor-α (TNF-α) using a commerdetail elsewhere (19) . Briefly summarized, toxic subcial kit (BioSource International, Inc., CA). In addition, stances in the blood from the femoral vein permeate the other parameters such as serum albumin, total bilirubin, plasma separator to the two modules containing a total alanine aminotransferase, blood glucose, and serum creof 2 × 10 10 porcine hepatocytes. On the module side, the atinine were measured by an automatic biochemical anahepatocyte spheroids clean the plasma. The treated plaslyzer (SSR, Japan Technicon Co., Tokyo, Japan). ma circulates back into the jugular vein ( Fig. 1 ).
Data Analysis Fulminant Hepatic Failure in a Pig Model
We used a warm ischemic liver failure pig model (fe-Data were expressed as means ± SEM. Statistical evaluations of numerical variables were performed using male pigs weighing 25 kg) with end-to-side portocaval shunts and ligation of the common hepatic artery. Cathe-Mann-Whitney's U-test. A repeated-measures ANOVA was used to compare blood ammonia, blood lactate, and ters were placed both in the femoral artery to monitor Figure 1 . Schematic diagram of the polyurethane foam packed-bed culture system as a hybrid artificial liver support system (PUF-HALSS) using a warm ischemic liver failure pig model. The flow rates of blood from the femoral vein and into the jugular vein are set at 80 ml/min, and the flow rate of plasma around the modules is set at 460 ml/min. Fisher's ratio between the two groups. A value of p < 0.05 was considered significant.
RESULTS
Survival time in the HALSS group (19.3 ± 4.4 h) was significantly extended for 2.2 times the duration of the control group (8.6 ± 2.1 h) (p < 0.05). In the control group, the values of blood ammonia increased rapidly and reached about 512 ± 25 µg/dl N at 6 h. In contrast, increases of blood ammonia were significantly suppressed at 164 ± 12 µg/dl N at 6 h, and were completely suppressed to remain under 200 µg/dl N for over 20 h in the HALSS group (Fig. 2 ).
Blood lactate levels in the control group rapidly increased, but the increase in blood lactate was significantly suppressed in the HALSS group at 4 h (87.7 ± h in both groups are described in Table 2 . The increase aromatic amino acids (AAA) (Fisher's ratio; BCAA/AAA) of total bile acid value was significantly suppressed over of porcine serum in the control group decreased gradu-6 h in the HALSS group ( p < 0.05). The analysis of the ally, but the decrease in the Fisher's ratio was somewhat fraction of bile acids showed that glycochenodeoxychosuppressed in the HALSS group ( Fig. 4 ). However, the lic acid and taurochenodeoxycholic acid were signifimaintenance of Fisher's ratio by the HALSS was not cantly suppressed at 6 h in the HALSS group ( p < statistically significant at any of the times of measure-0.05). ment. The concentrations of each amino acid at baseline Serum TNF-α levels did not elevate in either group, and at 6 h in both groups are described in Table 1 . Each and those at any points were less than 6 pg/ml, which branched-chain amino acid level (leucine, isoleucine, was the minimum detectable levels of TNF-α. and valine) was higher in the HALSS group, and each Laboratory data during the 6 h of the study are sumaromatic amino acid level (phenylaianine, tryptophan, marized in Table 3 . The blood glucose levels in the conand tyrosine) was suppressed in the HALSS group; these trol group rapidly decreased due to the loss of glucose differences were not statistically significant. Increases in supply that occurred during the period of extracorporeal monoethanol amine, hydroxylisine, phosphoserine, and hycirculation. On the other hand, in the HALSS group, droxyproline were significantly suppressed in the HALSS blood glucose was significantly maintained at both 4 and group ( p < 0.05).
The concentrations of bile acids at baseline and at 6 increase of serum creatinine). In addition, the PUF-HALSS prolonged survival time. Therefore, we succeeded in developing PUF-HALSS that shows promise for the clinical setting. This preclinical experiment was an allogenic peracute rejection using the continuous injection of nafamostat mesilate (26) . We have applied to our institu-model, but we have confirmed the efficacy of the smallscale PUF-HALSS using porcine hepatocytes in human tional ethical committee for permission to use the PUF-HALSS in the clinical setting. plasma, and were able to reduce the incidence of hy- 
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